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RETINOID COMPOSinONS CONTAINING A 
WATER SOLU BLE A NTIOXIDANT AND A 
CHELATOR 



IMs is a division, of s^lication Sen No. 08/153^43, s 
filed Nov. 16, 1993, U.S. PaL No. 5459,149 whidi in turn 
was a continoation of Ser. No. . 07/719,264 filed Jun. 27, 
1991, now abandoned, which in turn was a cx)ntuiuation-in- 
part of Set Na 07/471,760 filed Jan. 29, 1990, now 
abandoned, which are hmby incorporated by reference. 10 

^ \) FIELD OF THE INVENTION 

This invention relates to skin care conqx>sidons contain- 
ing retinoids which generally improve the quality of the . ^ 
skin, particularly human facial skin. More particulariy, the 
present invention relates to chemicaUy stable skin care 
conq>ositions con^)rising a watcr-in-oil emulsion and cer- 
tain retinoids and to m^ods for making sadi compositions. 

BACKGROUND OF THE INVENTION 20 

Skin care coizq>ositions containing retinoids have become 
the focus of great interest in recent years. Retinoic add, also 
known as Mtamin A add or tretinoin, is well-known for the 
treatment of such skin conditions as acne and product 
containing retinoic add are conmierdally available in van- ^ 
ous forms from the Dennatological Division of Ortho Phar- 
maceutical Corporation. Such products, for example, 
indude Retin A* creams, an oil-in-watcr emulsion of ret- 
indc add containing as an oil-soluble antioxidant, butylated 
hydroxytoluene (BHT); Retin A* liquid, a solution of ret- ^ 
indc add in a polyediyiene gtycol/ethanol solvent enq>loy- 
ing BHT as an antioxidant; and Retin A* gel, com- 
prises retinoic add in a gel vehide comprising ethyl Alcohol 
as the solvent, hydroxypropyl cellulose as the thickener or 
gelling agent and BET as an antioxidant 

These retinoic add containing products have proven 
stable and capable of providing active ingredients after 
extended periods of storage. 

More recently, howeva, wider use of retinoids has been 40 
suggested for treatments other than ache such as, for 
example, the treatment of skin against photoaging and sun 
damage. Many individuals who have had a good deal of sun 
exposure in childhood will show the following gross cuta- 
neous alterations in later adult life: wrinkling, leatheriness, 45 
yellowing, looseness, roughness, dryness, mottling 
(hyperpigmentation) and various premalignant growths 
(often subclinical). These changes are most {Eominent in 
light-skinned persons who bum easily and tan poody. These 
cumulative effects of sunlight are often refeired to as **pho- 50 
toaging'*. Although the anatomical degradation of the skin is 
most advanced in die ddedy, the destructive effects of 
excessive sun exposure are akeady evident by the second 
decade. Serious microscopic alterations of &e epidermis and 
dermis occur decades before these become dinically visible. 55 
M^inkling, yellowing, leaflienness and loss of elastidty are 
very late changes. 

The problem of skin aging is addressed in U.S. Pat No. 
4.603.146 wherein Mtamin A add in an emollient vehide is 
suggested as a treatment Fuither. in U.S. Pat No. 4,877,805, 60 
it is suggested that a number of retinoids are useful for 
restoring and reversing sun damage of human skin. 

When considering the use of r^inoids in skin care 
products, it is believed that certain retinoids such as, for 
exanq)le, retinol (Mtamin A alcohol), retinal (Vitamin A 6S 
aldehyde) and retinyl esters such as retinyl acetate and 
retinyl pa Imitate would be preferred over retinoic add. A 
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prefoitd fann is retinoL This is because lednol is an 
endogenous compound naturally occutring in the human 
body and essential for good growth, differentiation of cpi- 
thdial tissues and rqn^uction. Retind is also prefened 
5 because it has a much larger safety margin tiian other 
retinoids such as retinoic add. Additionally, excess retinol is 
stored in the human body largely in an inactive ester fonn, 
e.g. retinyl palmitate aiul, to some extent, retinyl acetate. 
The aldehyde, retinal, also a prefened fonn, is an active 
metabolite of retinol and is needed for visual function. 
Accordingly, attention has turned toward formulating skin 
care con^sitions which contain these preferred, naUirally 
occurdng r^oids. 

In fannulating products containing such retinoids, the 
same prc^ierties sought with respect to the retinoic add 
formulas are desirable for other retinoid containing conqK)- 
sitions. Specifically, much attention is directed toward pro- 
viding a composition wMdi is aesthetically pleasing and 
which can deliver active ingredients after a substantial shelf 
life. Not surprising, in formulating products containing such 
20 retinoids, the art is led to tiie experience gained in the 
already existing formulas containing retinoic add. Typically, 
sudi formulas conqnise oil-in-water emulsions \^erein the 
retinoic add is carried within the oil phase and is protected 
from oxidation by en^loying an oil-soluble antioxidant 
25 Wilh respect to the form of the emulsioiu oil-in-watcr 
emulsions hove been prefored in that, as con^>aied to 
water-in-oil emulsions for example, they are non-ocdusive, 
non-greasy, conq)atible with other such emulsion products, 
easy to remove from the skin and are regarded as more 
30 aesthetically pleasing as well as being more economical to 
manu&cture. ^th respect to diemical stability of the active 
ingredient, it has been experienced that the retinoic add in 
the oil phase is, ia the main, well protected by including in 
sudi oil phase an on soluble antioxidant 
35 Thus, for cxanq)le« the aforementioned Retin A, cream is 
an oil-in-water emulsion containing retinoic add and BHT, 
an oil-soluble antioxidant In U.S. Pat No. 3,906,108 tiicre 
is disdosed an oil-in-water emulsion of r^dc add which 
may include an oil-soluble antioxidant sudi as BKT or 
40 dl-a-tocopherol and a chelating agent e.g. ethylenediamine- 
tetraacetic add (EDTA). In U.S. Pat No. 4,466,805, a 
tanning con^sition is described whicfa may indude, among 
other ingredients Mtamin A in an oil-in-watcr emulsion 
containing Vitamin £ and dtzic add. In U.S. Pat No. 
4S 4,247,547 still another form of a retinoic add containing 
composition, namdy a gel, is disdosed and is protected by 
an antioxidant sdected from the group consisting of buty- 
lated hydroxytoluene, butylated hydroxyanisole (BHA), 
ascorbic add (Vitamin Q, propyl gallate, and a-toa^herd 
50 ('Vitamin E). 

The above-described retinoic add containing con^wsi- 
tions have proven to be, or are said to be, chemically stable. 
Therefore, a number of skin care products have appeared in 
the mailQe^laoe incorporating other retinoids, induding for 
55 exan^)le retinol, retinal and retinyl esters sudi as retinyl 
acetate and retinyl palmitate, and these unsurprisingly emu- 
late the formulas of the commcrdal retinoic add composi- 
tions Le. are oil-in-water emulsions protected by oil-soluble 
antioxidants. Unfortunatdy and unexpectedly, it has been 
60 discovered that for reasons not yet dearly understood, the 
other retindds in sudi con^sitions quickly lose their 
activity and either oxidize or isomeiize to non-efficadous 
chemical forms with the result that the amount of retinoid 
actually available to provide the beneficial effects of the 
65 product is reduced, in an unacoeptably short period of time, 
to an ineffective quantity and eventually to only trace 
quantities. 
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Generally thea, products containing retinoids have been 
limited to oil-in-water enmlsions and, with respect to those 
other than rctinotc add, have sofiercd from chemical insta- 
bility. In a few instances, however, products and/or sugges- 
tions for products have been made wherein retinoids sudi as 5 
retinoL r^inyl acetate and retinyl pahmtate are f cnnulated in 
water-in-oil emulsions. 

Thus, for cxanq)le, in U.S. Pat No. 4,826,828 it is 
suggested that a stable con^sition con^msing retinol, 
r^yl acetate and retinyl pahmtate may consist of retinol in 
a water-in-oil emulsion wherein the emulsion further include 
two oil-soluble antioxidants, BET and BHA. 

Ftohcr, Avon Products, Inc., the assignee of U.S. Pat No. 
4,826,828, sells two skin care products called Bioadvance 
and Bioadvance 2000. Each of these products is supplied m 
two bottles, portions of which are mixed togeth^ just prior 
to use. The first bottle contains what is called a "skin lotion**, 
while the second botde contains what is called a "foitifier". 
The "skin lotion** is a water-in-oil emulsion having a number 
cf ingredients which hiclude water, emulsifiers, silicone and ^ 
vegetable oils, preservatives, emollients and butylated 
hydroxytoluene (BHT). The 'fortifier" is a solution whidi 
contains a number of ingredients including cyclomethicone 
(a silicone oil), denatured ethanol, an emulsifier 
(Polysorbate 20), retinoL retinyl aceUte, retinyl pahnitate, ^ 
BHT and BHA. When a specified pcation of the "fortifici^ 
is added to a specified portion of the "skin lotion** and 
mixed, there results a water-in-oil emulsion which oomr 
prises retinol, retinyl acetate, rednyl palmitate, BHI and 
BHA, the latter being oil-soluble antioxidants. The outer ^ 
padcage in which Bioadvance is supplied canies a statement 
which says because BIOADVANCE begins to lose effec- 1 
ttveness after one month, for mATimuni benefits, use a fresh 
sappky each mon^**. It would appear from this statement 
that the chemical stability of the retinoids in the mixture of 
the "skin lotion** and the 'Toitificr'* is quite limited. The fact 
that in bodi the BIOADVANCE and BIOADVANCE 2000 
products the "fortifier^ ingredients must be mixed with the 
"skin lotion" ingredients immediately pnor to use indicates 
that the resulting water-in-oil emulsion which is applied to ^ 
the skin also has limited chemical stability of one or more of 
the above-mentioned retinol, retinyl acetate and retinyl 
palmitate. 

Rirther stiU, U.S. Pat No. 4,720353 to Bell discloses 
water-in-oil emulsion carriers for various medicaments and ' 
drugs intended for topical ai^lication to the skin. Water 
soluble, misctble or dispersible drugs may be incorporated 
into the aqueous i^iase of tiie emulsion. Oil-soluble, mis- 
cibie or dispersible drugs may be incorpcoated into the oil ^ 
j^iase. Drugs which may be incoxpcrated into the emulsion 
indude derivatives of rettnoic add. Ingredients which may 
optionally be added to the emulsion include a preservative 
such as methyl paraben, propyl paraben or imidazolidinyi 
urea or an antioxidant such as butylated hydroxyanisole and 
a water or oil soluble vitamin such as vitamin C, tocopherol 
linoleate and the like. 

Still further, EP 0 343 444 A2 to Siemer et al disdoses 
cosmetic preparations based on retinyl palmitate. Example 3 
disdoses a night cream in the form of an water-in-oil type go 
enmlsion con^xrising retinyl palmitate and butylated 
hydroxyanisole (BHA). Example 4 disdoses a water-in-oil 
emulsion comprising retinyl acetate and a-Tocc^herol ' 
(Vitamin E). 

StiU furtho^^EP 0 330 496 A2 to Batt is directed to skin 65 
treatment oonqxmtions conqirising a topically acceptable 
base and an effective amount of at least one ester of retinol 
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said coiiq)ositions being useful in the treatment of photoaged , 
skin. Exanq)le 6 discloses a water-in-oil emulsion compris- 
ing Vitanun A i^opicmate and BET, an oil-soluble antioxi- 
dant 

5 Unfortunately, none of these prior attenq)ts to emulate tiie 
stability of the letinQic add containing conqx)sitions have 
been successful and in each case result in substantial and 
unacceptable diemical instability of the r^inol, retinal at 
retinoic esters en^doycd therein. Accordingly, there is a 
need for a conq>osition in which sudi non-retinoic add 

^ retinoids may be provided in a diemically stable form. 

SUMMARY OF THE INVEOTION 
In accordance with the present invention, it has now been 
unexpectedly found that certain rainoids may be success- 
fully stabilized against chenoical degradation by incorporat- 
ing them into water-in-oil emulsions comprising a spedfi- 
caliy defined stabilizing system. For reasons which arc not 
dearly understood, stability satisfactory for a commercial 
product has been achievable for certain specific retinoids 
20 only by utilizing a specific form of emulsion, Le. water-in- 
oil, and then, only by employing a specific stabilizing 
systeoL 

The retinoids which can be stabilized against chemical 
degradation in accordance vnlh the prindples of the present 
^ invention are rcdnd (Vitamin A alcohol), retinal O^tamin A 
^ aldehyde), rctinyl acetate, retinyl palmitatc and mixtures 

W thereof. 

iiO As used herein, the "chemical stability" or "staWlity" of 

Ul a retinoid is defined in terms of the percentage of the 

S ^ spedfled retinoid which is retained in its original diemical 

form after the con^sition has been stOTcd for a specified 
^ period of time at a specified tenq)erature. Thus, if file 

^ original concentration of all-trans retinol in an absolute 

O ethanol solution were 0.20% by wdght and, after two (2) 

^ weeks storage at room ten^)erature (2r C±l** C), the 

^ = concentration of all-trans retinol were 0.18% by weight, then 

^ the odginal solution of all-trans retinol in absolute edianol 

p would be characterized as having a chemical stability of 

CJ retinol of 90% after two weeks storage at room ten^)eraturc 

_J; ^ In the same fashion, if an emulsion comprising all-trans 

[4 retinol had an initial concentration of 030% by wdgjit and 

bj after storage for 13 weeks at 40° C. had a concentration of 

aU trans-retinol of 0.24% by weight, then the origLnal 
,^ emulsion would be characterized as having a diemical 

stability of r^ol of 80% after 13 weeks storage at 40** C. 
Specifically, a commercially usable composition should 

exhibit a stability of at least about 60% of the active 

retinoid(s) after 13 weeks storage at 40'' C. Flrcferably sudi 
^ compositions further exhibit a stability of at least about 80% 

after 13 weeks storage at room ten^)erature. 
It has beoi discovered that, for the specific retinoids 

which are the subject of this invention only the specific 

emulsion form, in mmhinarion with the selection of a 
55 stability system firom those described herein, will produce 

such commercially stable conq)ositions. 
Accordingly there is provided, in accordance with the 

teachings of fiie present invention, a skin care cotcposition 

mmpris ing a watcx-in-oil emulsion and a retinoid sdected 
60 from the group consisting of retinol retinal, retinyl acetate, 

retinyl palmitate and mixtures thereof, said composition 

further conqiising a stabilizing system sdected firom the 

group consisting of: 

a) a chelating agent and at least one oil-soluble antioxi- 
65 dant; 

b) a chelating agent and at least one water-soluble anti- 
oxidant; and 
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c) antioxidant present in each of the oil and water phases 
of said emulsion; 
said conq>osition retaining at least about 60% of said retin- 
oids after 13 weeks storage at 40** C 

In a preferred embodiment of the invention, the skin care s 
composition indudes one of the aforementioned retinoids^ a 
chelating agent, a water-solufale antioxidant and an oil- 
soluble antioxidant Furtiier, in a preferred embodiment of 
die invention, the conq>osition retains at least about 90% of 
such retinoids after 13 weeks storage at 2V C. lO 

DETAILED DESCRIPTION OFTHE 
INVENTION 

As described above, the conqx)sition of the invention is in 
theformof a particular type of emulsion, namely water-in- 
oiL As used herein, tiie generally accepted concept of an 
emulsion q>plies Le., an inHTnate mixture of two immiscible 
liquids which remains unseparated for an accqitable shelf 
life (is physically stable) at or about room tenperature. 
Ordinarily, when two immiscihle liquids are mechanically 20 
agitated, bodi phases initially tend to form droplets. 
Thereafter, when the agitation ceases, the dn^ets quickly 
coalesce, and the two liquids tend to sqKuate. On the other 
hand, an emulsion may be formed and physically stabilized 
and the lifetime of the dropl^ in intimate mixture materi- 25 
ally increased if a compound, referred to as an cmulsifier, is 
added to the immiscihle liquids. Usually only one phase 
persists in droplet form for a prolonged pedod of time, and 
this is referred to as the internal phase which is suirounded 
by an external phase. An oil-in-water emulsion is one in 30 1 
which fbc extenial phase (also called the continuous phase) | 
conqaises water and the internal phase (also called the 
discontinuous or disperse i^ase) conqxrises an oiL A water- | 
in-oil emulsion is one in which die external phase comprises ; 
an oil and die internal phase conqvises water. [ 

Most commercial skin care conq)ositions such as the ones 
containing retinoic add are oil-in-water emulsion systems. 
In accordance with the teadung herein it has been discov- 
ered that, in such oil-in-water emulsion systems, certain 
retinoid conq)Ounds, in particular, retinol, retinal, and die ^ 
retinyl esters tend to be cfaenucaUy unstable, Le. they 
degrade, dthcr by way of oxidation or isomerization, and 
are, therefore, not available to perform in their desired 
manner. While this is not dearly understood, it is believed 
that this degradation occurs as a result of the r^d diffusion 
of oxygen through the external water phase to the internal oil 
phase containing the retinoid, and degradation of the retin- 
oid then occurs. Since the diffusion of oxygen is greater in 
a water phase dian an oil f^iase, an oil-in-water system is 
more prone to such degradation. Precisdy why this occurs ^ 
for certain sdected retinoids and not for others, is not yet 
understood. 

The present invention has overcome these difficulties and 
instead, provides a water-in-oil emulsion composition con- 
taining at least one retinoid compound wherein the physical 
stability of the emulsion and the chemical stability of die 
active ingredients is excellent 

As described above, die conq)osition of this invention 
cnq>loys a chemical stabilizing system sdected from the ^ 
group consisting of 

a) a chelating agent and at least one oil-soluble antioxi- 
dant; 

b) a chdating agent and at least one water-soluble anti- 
oxidant; and 65 

c) antioxidant present in each of die oil and water phases 
of said emulsion; 
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The water-soluble antioxidants which are useful in the 
conq>ositions of the present invention include ascortnc add, 
sodium sulfite, sodium metabisulfite, sodium bisulfite, 
sodium thiosulfite, sodium formaldehyde sulfoxylate, 

5 isoascorbic add, thioglycerol, thiosorbitol, thiourea, 
tfaioglycolic add, cysteine hydroddoride, 1,4-diazobicydo- 
{2^2)-ociaRc and mixtures thereof as well as any other 
known water-soluble antioxidant compatible widi the other 
components of the compositions. 

10 The on-soluble antioxidants which are useful in the 
conq>ositions of the present invention indude botylated 
hydroxytoluene (BHT), ascorbyl palmitate, butylated 
hydroxyanisole (BHA), a-tocopherol, phenyl-a- 
naphthylamine, hydroquinone, propyl gallate, nordihy- 

15 droguiaretic add, and mixtures thereof as well as any other 
known oil-soluble antioxidant conq)atible with the other 
coaq)onents of tbt conqx>sitions. 

The antioxidants should be utilized in a stahiUzing effec- 
tive amount and may range in total from about 0.001 to 3.0% 

20 based on the weigjbt of the total conqx)sition, preferably 
from about 0.01 to 1.0%. The amount of antioxidants 
selected, the amount of and specific retinoid antioxidants 
utilized in the conqx>sitU)ns of the present invention is 
dependent in part on the specific being protected and the 

25 processing conditions. 

In certain aspects of this invention, the compositions 
indude a chelating agent The retinoid conq)ounds of this 
invention are sensitive to metal ions and in particular to hi- \ 
and tri-valent cations and in certain instances, appear 

30 degrade rapidly in their presence. Hie chelating agent f omis 
a complex with the m^ ions thereby inactivating them and 
preventing them from affecting the retinoid conqxHmds. 
(Tielflting agents whicfa are useful in the conq)ositions of the 
present invention include ethylenediamine tetraacetic add 

35 (EDTA) and derivatives and salts thereof, dihydroxyethyl 
glycine, dtric add, tartaric acid, and mixtures thereof. The 
chelating agents should be utilized in a stabilizing effective 
amount and may range from about 0.0 1 to 2.0% based on the 
weight of the total conq>osition, preferably from about 0.05 

40 to 1.0%. 

The retinoid compounds which are useful in the conqio- 
sitions of the present invention consist of Vitamin A alcohol 
(retinoi), Mtamin A aldehyde (retinal and Vitamin A esters 
(retinyl acetate and retinyl palmitate). These retinoids are 

4S utilized in the con^>ositions of the present invention in a 
therqieutically efTective amount that may range from about 
0.001 to 5.0% by wdgbt of the total compositions, prefer- 
ably from about 0.001 to 1.0%. 
The skin care con^>ositions of the present invention 

50 coD^nising a water-in-oil emulsion can be in the fomiat of 
cream oc lotion formulations, as desired, by varying the 
relative quantities of the oil and water phases of the emul- 
sion. The pH of the con^>ositions should be in the range of 
from about 4 to about 9, and preferably from about 4 to 

55 about?. 

Minerals oils, animal oils* vegetable oils and silicones 
have all been used in cosmetic aeams and lotions of the 
emulsion type. In addition to such oils, other emollients and 
suiface active agents have been incorporated in die suaose 

60 distearate, sorbitan triolate, polyoxyethylcne (1) 
m(Hiostearate, glycerol monooleate, sucrose distearate. poly- 
ethylene glycol (50) monostearate, octylphcnoxypoly 
(ethyleneoxy) ^faanol, decaglyoerin penta-isostearate, sor- 
bitan sesquioieate. hydroxylated lanolin, lanolin, txiglyceryl 

65 diisostearate. polyoxyethylcne (2) oleyl ether, caldnm 
stearoyl-2-lactylate« niethyl gluooside sesquisteaiate, saxbt- 
tan monopalmitate, methoxy polyethylene glycol-22/ 
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dodecyl glycol copolymer(Elfacos E200), polyethylene 
gJycol-45/dodecyl glycol copolymcr(Elfecos ST9), polyethr 
ylene glycol 400 disteaiate, and lanolin derived sterol 
extracts, glycol stearate and glyceryl stearate; alcohols, such 
as cetyl alcohol and lanolin alcdioU mynstates, such as 5 
isopropyl myristatc; cciyl palmitate; diolesterol; stearic 
add; propylene glycol; glycerine, sorbitol and the like. 
Thickeners such as natural gams and synthetic polymers, as 
well as preservatives such as m^iylpsuaben, butyl paraben, 
{rofyylparaben and phenaxyethanol, coloring agents and lo 
fragrances also are commonly included in sudi coiq)osi- 
tions. Other acdve ingredients such as sunscreen matmals . 
and antimicrobial iwatmaifi may be utilized in the con^ 
sitions of the present invention provided that they are 
physically and chemically oon^atible with the other com- 15 
ponents of the conopositions. 

The essence of the present invention is not within the 
speci&c rnfnpnsition pcT se of the cream or lotion 
formulation, and any of the many f onmilations or conq>o- 
sitions of the cream or lotion type currently utilized in skin 20 
care preparations can be employed provided ^at it is in a 
water-in-oil emulsion and is chemically compatihle with the | 
retinoid compounds. TTic ratio of the oil phase of the 
emulsion to the water phase can be from about 5 :9S to 99: 1. 
The actoal ratio of two (biases will depend on the desired 25 
final product \ 

The con^)ositions of the present invention can be pre- 
pared by well-known mixing or blending procedures. Each 
phase of the emulsion is preferably separately prepared with 
all of tiie components contained in the appropriate phase so ' 
except it is usually pref cned to omit tiie retinoid conq>ound. 
The emulsion is dien formed normally by adding the water 
phase to the oil phase with agitation, and often the emulsion | 
is cooled down when the retinoid con4X)und is added It is 
prefened that the portions be prqured under an oxygen 3S 
depleted atmosphere such as a nitrogen or argon gas blanket 
Commcrdally, it is envisioned that such oxygen depleted t 
atmosphere may be otoined by operating under vacuum I 
conditions and that the product be stcB*ed, prior to use, in 
blind-end containers, [seferably aluminum tubes. 40 

The advantages of the invention and specific embodi- 
ments of the skin care conqwsitions prq)ared in accordance 
widi the present invention are ilhistrated by the following 
0 cxan^)les. It will be understood, however, that the invention 
is not confined to the specific limitations set forth in the 43 
individual exaiiq>les, but rather to the scope of the appended 
claims. 

EXAMPLE I (Comparative) 

Three oil-in-water emulsions of retinol (^^tamin A 50 
alcohol) were prepared having the % w/w compositions set 
forth in Table 1. These emulsions were prepared according 
to the following procedure. The ingredients shown under the 
heading "Aqueous Phase Ingredients" were added to a first 
glass contair^ equ4>ped with a stainless steel stirrer and ss 
heated with stirring to 75**-85** C, under an argon gas 
blanket The ingredients shown under the heading "Oil 
Phase Ingredients'* were added to a second glass container 
equ^)ped with a stainless sted stirrer and heated with 
stirring to about from 85** to 90** C under an argon blanket 60 
The ingredients shown under die heading **Retinoid Mix- 
ture** were added to a third glass container equipped with a 
stainless sted stirrer and stirred at room teiiq)erature under 
a blanket of argon gas. Stirring was continued in all 
instances until unifonnity was adiieved- The Aqueous Phase 65 
Ingredients at TS^'-SS** C. were then added to the Oil Phase 
Ingredients. During this addition step, the Oil Phase Ingre- 
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dients were maintained at 85°-90° C. with Stirling under an 
aigon gas blanket The mixtnie of the Aqueous Phase 
Ingredients and Oil Phase Ingredients was stirred, at a 
temperature in the range of 85°-9(^ C. and under the argon 

5 gas blanket until a uniform oO-in-water emulsion was 
obtained After the resulting emulsion was cooled to about 
SO^'-SS" C, the Retinoid Mixture was added with stirring. 
The emulsion was blanketed under argon gas and the tem- 
perature was maintained at about SO^-SS** C during the 
addition of the Retinoid Mixture. After the addition of the 
Retinoid Mixture was con^ilete, the emulsion was gradually 
cooled, with stirring and under an argon blanket, to room 
ten^)erature (approximately 21** C). The finished emulsion 
was then transferred under argon gas blanketing to blind end 
aimninum tubes (2 ounce size) which weit pron^y 
cririq)ed and tightly c^iped. The closed tubes wm then s^ 
aside for d^enmnation of r^inol stability after storage for 
various time periods at various tenq)eratures. Retinol 
degrades under the influence of UV light Accordingly, care 
must be taken at all stages of the errmlsion preparation 

^ process to protect the retinol from exposure to UVli^ This 
can be accomplished by turning out the lights in tbc pro- 
cessing area or by conducting the various handling and 
processing steps under yellow light 



TABLE 1 



30 



n 35 



AO 



43 



50 



P^fflJTWtWTn 


A 


B 


C 


Aqueous Phase logtedieQts • 








^^qA 100% 








nopyieoe Olyool 




4.00 


4jOO 


Carfaomer 934 


050 


0.50 


050 


Oil Pbase Ingredients 








Mature A 


8.75 


8.75 


8,75 


Bolysorfoato 61 


1.20 


1.20 


1.25 


CI^reen6l) 










IjOO 


1.00 


iJX) ' 


Scfbitan Stearate 


0.80 


0.80 


0.80 










Ascorbic Acid 


OjOO 


0.00 


0.10 


EDTA 


QJX> 


0.10 


0.10 


Benzyl Akobol 


030 


OJO 


030 


50%NaOH,q^.pH4.7 








Methyl Paraben 


0.15 


0.15 


0.15 


Propyl Paraben 


0.10 


0.10 


0.10 


Butyl Paraben 


0.05 


0.05 


Oj05 


BHI 


osn 


0.02 


OJ02 


Pragnujce 


QJ25 


0.25 


0.25 


Retinol (all txans), 


IJOO 


0.86 


0.86 


USP 








Eomlsion lype 


o/w 


g/w 


o^w 



In the aborve Table 1, the ingredient in the Oil Phase 
Ingredients designated as Mixture A consisted of 1.50 g 
myristyl myristate; 1.25 g oleic add (Emcrsol 228); 1.25 g 

55 glyceryl stearate (Emerest 2400); 1.25 g stearic add 
O&nersoi 132); 1.00 g isopropyl palmitate; 1.00 stearoxyt- 
rimcthylsilanc (Dow Coming 580 Wax); 0.50 synthetic 
beeswax; 0.50 g stearyl alcohol; and 0.50 g cctyl alcohol 
Mixture A was prq)ared by mixing the indicated ingredients 

GO in a glass container, stirring with heat until all ingredients 
were liquified and uniformly mixed; pouring the liquified 
mixture into shallow containers; and allowing the mixture to 
cool to ambient temperature. 
Concentrations of all-trans retinol in oil-in-water sanq>les 

65 A, B and C in Table 1 were determined after stcrage for 
various time periods at various tenq)eratures. Concentrations 
of retinol and other retinoids sudi as retinal (vitamin A 
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aldehyde), letinyl acetate and letmyl palmitate can be deter- 
mined by any suitable analytical fffocedure. As reptated 
haein» we detenmned retinoid concentrations by a hig^ 
peifazmance liquid dtromatogr^hy (HFLC) procedure in 
which the duomatograph was equipped with a reversed s 
I^iase 5 micron C-8 column (25 cm in lengthx4.6 mm in 
diameter) and a UV detector at 340 nm. The sample to be 
analyzed was dihitcd with a solution of 50% by wdght 
methanol and 50% by weight ethyl acetate to a concentration 
of 18 micrograms^ and the retinoid was detected at 340 lo 
nm. The gradient mobile phase consisted of an oiganic 
portion conq>osed of 5 percent tetrahydrofuran in acetoni- 
ttHe and an aqueous portion consisting of 0.05N ammonium 
acetate. The solvent program has an initial composition of 
70% organic/30% aqueous which increases linearly to 80% 15 
organic/20% aqueous at 13 minutes, then again increases 
linearly to 100% organic at 15 minutes, where it stays until 
19 minutes. After injecting 15 microliters of sanple solution 
into the dxromatogrqjh, the analytical conditions were run at 
afiowrateof 2 ml/min and thermostatically regulated at 40^ 20 
C The retention time of r^ol (Vitamin A alcohol) is about 
6.4 minutes. The retention times of retinal (Vitamin A 
aldehyde), retinyl acetate, andretinyl palmitate are about 7 J 
mins., 10.1 mins. and 18.7 mins., respectively. The HPLC 
results were found to be reproducible to better than a 3% 25 
range of standard deviation. 
The results were as follows: 

For Sample A: After twenty-six (26) weeks aging at room 
tenq)craturc (2r C±l° C), only 39% of the original amount 
of all-trans retincd was found in the emnlsioiL After twenty- 
six (26) weeks aging at 40** C, only three percent (3%) of 
die original amount of all-trans retind was found in the 
emulsion. It is concluded that an oil-in-water emulsion 
oonqming retinol and butylated faydroxytoluene (BHT), an 
oil-soluble antioxidant, does not have accq)table retinol 
chemical stability. 

For SaIX^7le B: After thirteen (13) weeks aging at room 
tenq)erature, 87% of the original amount of all-trans retind 
was found in the emulsion. After thirteen (13) weeks aging 
at 40° C, just four percent (4%) of the original amount of ^ 
all-trans retind was found in the enmlsion. After thirteen 
(13) weeks aging at 50** C, no amount of all-trans-retinolc 
add was detected in Sample B. After twenty-six (26) weeks 
aging at room ten5>crature, fifty-seven percent (57%) of the 
original amount of all-trans retinol was found in the emul- 
sion. It is conduded that chemical stability of all-trans 
retinol in an oO-in-water emulsion conqirising all-trans 
retinol, BHT and disodium EDTA (a chelating agent) does 
not have accqitable diemical stabiHty. 

For Sample C: After thirteen (13) weeks aging at room 
tenQJoature, sixty percent (60%) of the initial amount of 
all-trans retinol was found in tht emulsion, while after 
thirteen (13) weeks aging at 40** C. twenty-three percent 
(23%) all-trans retinol was d^ected. No amount of all-trans 55 
retinol was detected after Sample C was stored for tiurteen 
(13) weeks at 50** C. 

After twenty-six (26) weeks aging at room temperature, 
forty-two percent (42%) of the initial amount of all-trans 
retinol was found in Sample C; after fifty-two (52) weeks go 
aging at room tenqxaature, thirty-one percent (31%) of the 
initial concentration of all-trans retinol remained in Sanmle 
C 

From the foregoing aging results, it is conduded that the 
chemical stability of all-trans retinol in an oH-in-water 65 
emulsion comprising all-trans retinol, an oil-soluble antioxi- 
dant (BETT), a water-soluble antioxidant (ascorbic add) and 
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a chelating agent (ethylenedianxinetetraaoetic add) Is com- 
mercially unsatisfactory. 

EXAMFLEn 

5 Five water-in-oil (w/o) emulsions of retinol (\^tamin A 
alcohol) were prepaied having tibe % w/w coii^>ositions s^ 
forth in Table 2. These emulsions were prepared according 
to tiie following procedure. The ingredients shown under the 
heading * 'Oil Phase Ingredients " were added under argon gas 

10 blanketing to a suitable sized glass beaker equqvped with a 
stainless steel stirrer and heated witii stimng to 80"* C until 
unifomly mixed. The ingredients shown under the heading 
''Aqueous Phase Ingredients** were added under argon gas 
blank^g to a separate glass container equ^yped with a 

15 stainless steel stirrer and heated with stircing to SO"* C. until 
unif onmly mixed. The pH of the Aqueous Phase Ingredients 
was adjusted to 4.7 using 50% NaOH. The Aqueous Phase 
Ingredients at 8 0° C were added to the Oil Phase Ingredients 
also at 80° with agitation to form a water-in-oil emulsion, 

20 this addidon step also being done under an aigon gas 
blanket The use of argon gas blanketing was continued 
through the preparation procedure being described. The 
water-in-oil emulsion was homogenized and cooled to about 
50^ C with stirring. The phenoxy^hanol and the fragrance 

25 were then added to the emulsion. Hie retinol was then added 
to the emulsion which was then gradually cooled until the 
tenq)erature was below 40° C. The water-in-oil emulsion 
was transferred under argon gas blanketing to small blind- 
end aluminum tubes which were pron^tly crimped and 

30 tightly capped. Care was taken at all stages of the emulsion 
preparation process to protect the retinol from esqposure to 
ultraviolet (U.V.) light As indicated eadier herein, this can 
be accomplished by turning out the lights in die processing 
area or by conducting the various handling and processing 

35 steps under yellow light 

TABLE 2 

Saix^le No. 1* 2 3* 4* 5* 

^ Aqueous 

Phase Ligiediettts 

Ddonized Water» q A — — — — — 



100% 





Scrtntol (70%) 


SjOO 


5jOO 


5X30 


5jOO 


5.00 


45 


Mie%l Paraben 


030 


030 


030 


030 


030 




Ascori»c Acid 


OSJO 


0.10 


QXX) 


OjOO 


0.10 




EDIA 


0.10 


OXX) 


oxxy 


0X30 


0.00 




Oil Phase Ingredients 














t.^||t Mineral oil 


25J0O 


75X30 


25XX) 


25X30 


25X30 


SO Piopyi Pataben 


0.20 


0.20 


OJO 


0.20 


0.20 




E1&C08C-26 


6jOO 


6.00 


6X>0 


6J00 


6X30 




ElfaoosB-200 


5j00 


SJOO 


5J0O 


5jOO 


5X30 




E]£wo6ST9 


3iX) 


3XX) 


3jOO 


3X30 


3.00 




StesiDxylziiuetfayl- 


IjOO 


1.00 


IjOO 


1X30 


1.00 




silane (Dov Garxting 












55 


580 Wbx) 










1.00 




Dimethicnne, 50 Cslk 


IjOO 


IJOO 


IjOO 


1X30 




BHI 


OXX) 


Oj05 


OJOO 


Oj05 


0.00 




PheocsyelfaaiiDl 


IJOO 


IjOO 


IXX) 


IjOO 


1.00 




(pzeservative) 








0.25 


0.25 




Fragrance 


0^ 


0^ 


0.25 



^ Retinol (alttrans). 0345 0345 0345 0345 0.345 

CO usp 

50%NaOH,q.s.pH= _ — _ — — 

4.7 

Eatulfiaaa Type w/o w/o w/o w/o w/o 

•Comparative Exanqiles 

65 

The water-in-oil emulsions of Table 2 were stored at 50° 
C for periods of one (1) and two (2) weeks and then 




E S 3 

y £ 
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analyzed by the HFLC tedmique described eadier haein to 
determine the amount of retind remaining in the san:q)les. 
Hie results of the analysis were as follows: 











% of Ongioal Amount Of 








Wt% 


Retinol Re 






WL% 


Wt9& 


Asoobic 


After A*^R at 50* C, 


Sample No. 


BHT 


EDTA 


Acid 


1 We^ 




I 


OXX) 


0.10 


OjOO 


90 


65 


2 


OjQS 


QJOO 


0.10 


99 


90 


3 


0^ 


OjOO 


OjOO 


75 


85 


4 


0^ 


01X3 


OjOO 


95 


85 


3 


0.00 


OjOO 


0.10 


93.5 


70 



10 



15 ^ 



20 



25 



Hie fallowing conclusions may be drawn from the above 
test data: 

A water-in-oil emulsion of retinol containing neither an 
oil-soluble antioxidant, a water-soluble antioxidant nor a 
chelating agent (Dible 2, comparative Sanq>le 3) retained 
only 75 % of its initial amo unt of retinol after one week aging 
at 50^ C After two weeks aging at 50° C, die analytical 
results indicated that 85% of the (niginal amount of retinol 
remained in compantivc Sample 3. This figure of 85% was 
thought to be inaccurate in view of the fact that only 75% of 
the original amount of retinol remained after one week 
aging. In any event, the diemical stability of retinol is poor 
and this emulsion cannot be considered the basis for a 
commercial product having acceptable long tenn chemical ^ 
stability of retinoL 

A water-in-on emulsion of retinol containing a water- 
soluble antioxidant (ascorbic ad(0 but containing neither an | 
^ oil-soluble antioxidant or a chelating agent (Table 2, con^ 

W parative Sample 5) was found to retain 93.5% of its original 35 

Q concentration of retinol after one week aging at 50° C This 

ip represented somewhat of an inqirovement in chemical sta- 

bility of retinol conq)ared to conqyarative Sample 3 of l^ble 
l_ 2 under the same storage conditions. However, after two 

weeks storage at 50° C, only 70% of the original amount of 4Q 
\j retmoiremainedincomparativeSan:^le5,Table2. In view 

r=, : of the r^id fall off and low values conqxarative Sample 5 of 

: ^~ Table 2 cannot be the basis for a commercial product having 

W acceptable long term chemical stability of retinoL 

'•0 A water-in-oil emulsion of retinol containing an oil- 45 

soluble antioxidant (BHT) but containing neither a chelating 
agent n<v a water-soluble antioxidant (Table 2, conq>arative 
Sample 4) was found to retain 95% of its original concen- 
tration of retinol after one week aging at 50° C. and falls off 
r^dly to a low value of 85% after two weeks aging at the so 
same temperature. This represents somewhat of an inqirove- 
ment over the chemical stability of retinol in conq>arative 
Sanq)le 3 and coiiq>arative Sample 5 of Table 2. In view of 
the rapid decrease in retinol concentrations after two weeks 
and the relatively low quantity retained as retinol at that 55 
time, comparative San[4)le 4 of Table 2 is not suitable as the 
basis for a commercial product having accq)table diemical 
stability of retinoL 

A water-inK>il emulsion of retinol containing a chelating 
agent (Le. ethylenediaminetetracetic add, EDTA but neither 60 
a water-sduble antioxidant nor an oil-soluhle antioxidant 
CTable 2, Sample 1) was found to r^ain 90% of its original 
concentration retinol after one week aging at 50° C and 
65% after two weeks aging at the same temperature. This is 
poor chemical stability and emulsion Sample 1 of Table 2 65 
cannot form the basis for a commercial product having 
acceptable long tenn chemical stability of r^cd. 
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A watcr-iD-oil emulsion of lednol containing an oil- 
soluble antioxidant (BHT) and a water-soluble antioxidant 
(asoarbic acid) but containing no chelating agent (Table 2 
Saiiq>le 2) was found to retain 99% of its original concen- 

5 tration of ccdnol after one week aging at 50^ C and 90% 
after two weeks aging at the same temperature. This is good 
chemical stabOity and hence emulsion ^mplt 2 of Table 2 
could fomi the basis for a conmiercial product having 
accq)table long term chemical stability of retinol. 

10 To summarize, water-in-oil emulsions containing retinol 
were found to be unsuitable when no chemical stabilizing 
system was enq>loyed (con^ative Sample 3), when only a 
chelating agent was employed (comparative Sanqde 1), 
when only an oil-soluble antioxidant was en^>loyed 

1^ (conD^arative Sanq>le 4) or when only a water-soluble anti- 
oxidant was enq>iayed (conq)arative San^)le 5). Smprisingfly 
and for reasons totally unknown to us at this time, when both 
a water-soluble and an oil-soluble antioxidant were 
enq)loyed (Sample 2), the resulting conqiosition exhibited 

20 chcinical stability. 

EXAMPLEm 

Water-in-dl emulsions conpising retinol were prepared 
having the ccHupositions given in Table 3. These emulsions 

25 were prq)ared by the same general procedure used to 
prcpsit the water-in-<»l emulsions given in Table 2. After the 
water phase ingredients were added to die oil phase ingre- 
dients as descnbed hereinabove, the remaining ingredients 
were added to the resulting water-in-oil emulsion in die 

30 CHticr set fof& in Table 3, with retinol being die last 
canq>onent to be added. As indicated earliert the emulsions 
were prepared under aigon gas blank^g (other inert gases, 
e.g. nitrogen <x carbon dioxide could be used, if desired) to 
minimize the possibility of entraining oxygen during the 

33 various mixing steps* Measures were taken (as described 
above) to mimmize die exposure of retinol to UV light 



" TABLE 3 



GO 



Ssnplo No. 


1 


2 


3 


Aqueous Ftuse Ingredients 








Dekmized Water, 








1009& 








Scfbitol, (70%) sob. 


5J0O 


5.00 


5JO0 


Methyl Psraben 


030 


030 


030 


Vropyi PanbcQ 


0^ 


0.00 


OiX) 


EPIA, asodhnn salt 


OjOO 


0.10 


0.10 


Aaoatbic Add 


OjOO 


0.10 


0.10 


on Phase iDgredients 








E1&0O8E-200 


5jOO 


5J00 


5jOO 


Elfiacos ST-9 


3.00 


3jOO 


3jOO. 


E1&COSC-26 


5XX> 


6jOO 


6jOO 


Mineral oil 


25130 


25jOO 


25jOO 


BHT 


OJOS 


OJM 


0j05 


StearoxytmneAyl- 


IJQO 


IjOO 


IjOO 


alaoe (Dow C<niimg 








580 W«) 








I^meihicone, 50 Cstk 


IJDO 


IjOO 


IjOO 


Flopjl Paraben 


OjOO 


0.20 


0.20 


DowicilTOO 


0.10 


0.10 


0.10 


(peaervative) 








EDTA, disodnim salt 


O.IO 


OJOO 


OjOO 


Pn^granco 


0.25 


0.25 


0.25 


Retinol (Vitamm A 


0.86 


0345 


0345 


alcohol), USP 








50% NaOH, q.s. pH = 4.7 








Emulskmiype 


w/o 


w/o 


w/o 
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The water-in-oH emulsions of Table 3 were st^ed for 
various periods of time at various tenq>eratures and then 
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analyzed by the HFLC teduiiquc described herdn to deter- 
mine the amount of letinol lemaining therein. The results of 
these tests wero as follows: 



TEST RESULTS 

% of Original Amount of 
1^,10 3 Wi% Retmol Remaining Afier 13 
Sample Wt% EDIA Asoortric Weeks Aging 

No BHT Wt% Acid 21* C. ACTC. SCTC. 

1 0.05 0.10 OjOO 97 89 83 

2 0.00 0.10 OaO 93 89 • 

3 0.05 0.10 aiO 100 96 94 

(* = data not srailaUe) . 



10 



15 



20 



25 



E can be seen from the above Test Results that water-in- 
oil emulsions conqnising retinol, a chelating agent and 
ddier a water-soluble antioxidant or an oil-soluble antioxi- 
dant retain greater than 90% of their original concentration 
of rttinol after being aged for 13 weelcs atroom teiO|)eratuie 
(21** C.)- These same emulsions retain at least about S9% of 
their cdginal concentration of retinol after being aged for 13 
weeks at 40° C 

It will further be seen that a water-in-oil emubion com- 
prising retinol a chelating agent a water-soluble antiLcKidant 
^ and an oil-soluble antioxidant (Table 3, Sample 3) was found 

1^ to retain 100% of its original amount of retinol after 13 

ly weeks aging at room tenqperature, 96% of the original ^ 

m amount of retinol afto 13 wedcs aging at 40** C. and 94% of 

^ tfie original amount of retinol after 13 weeks aging at 50** C. 

The same emulsion was found to retain 97% of its original 
y amount of retinol after 26 weeks storage at 21** C, 92% of 

Q its original amount of retinol after 26 weeks storage at 40", 

m and 953% of its original amount of retinol after 52 weeks 

^ storage at room tenq)crature. 

O EXAMPLE IV 

5=:^ Two water-in-oil emulsions, one comprising retinyl ^ 

= ^ acetate and the odicr comprising retinyl palmitate, were 

Ui prepared having the % w/w con^sitions set forth in Table 

bH 4, San^les 3 and 4, respectively. These two water-in-oil 

,~3 emulsions were prepared by the same general procedure 

^ used to prepare the water-in-oil emulsions shown in Tables 

2 and 3. 

For coii^)arison purposes, two oil-in-watcr emulsions, 
one comprising retinyl acetate and the other comprising 
retinyl palmitate, were prq>ared having the % w/w con^)o- ^ 
sitions shown in Table 4, comparative San^jles 1 and 2, 
respectively. These two oil-in-watcr emulsions were pre- 
pared by the same general procedure used to prq)are the 
oil-in-watcr emulsions shown in Table L 



TABLE 4 



Sample Na 



Aqueoas Phase Ingtedieals 



1* 


2* 


3 


4 










ojao 


OjOO 


5.00 


5.00 


0.15 


0,15 


030 


030 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 


QJSO 


0.50 


0X0 


OJOO 


4J0O 


4X30 


0J30 


OiX) 



'55 



60 



Deiooized "n^to; 
100% 

Sart)itol, (70%) soId. 
Methyl Paraben 
EDIA,Naj 

AacofbicAcid(AA) 0.10 0.10 o.iu u.iu 

Carbopol934 . a<a nv^ nm nim 65 

Propylene Glycol 
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TABLE 4-coDtiiiued 



Sample No. 1* 2* 3 4 

5 Oil Phase Ingredients 



EI£»)sE-200 


OjOO 


OjOO 


5JXi 


5jOO 


Hlfaffffff ST-9 


OjOO 


OjOO 


3JX) 


3J0O 


EI&0OSC-26 


OjOO 


OjOO 


6jOO 


6j00 


MxDcnl oil 


OjOO 


OjOO 


2SSX) 


25j00 


BHT 


Oj02 


OJOZ 


0.05 


0j05 




OjOO 


OjOO 


IjOO 


IjOO 


silsae (Dow Ccmnng 










380 WUC) 










DtiDBthioone, 50 Cstk 


IjOO 


IjOO 


iJOQ 


IJOO 


Propyl Pnaben 


0.10 


0.10 


0.20 


0.20 


Butyl Puaben 


O.QS 


0JQ5 


OjOO 


OJOO 


Mijrtnre A 


8.75 


8.75 


OjOO 


OjOO 


Aiiaeel60 


0.80 


0.80 


OjOO 


OJOO 


TWeen61 


1.20 


1.20 


OJOO 


OJOO 


Do«inl200 


OjOO 


OjOO 


0.10 


0.10 


Benzyl Akobol 


030 


030 


0S3O 


OOO 


Pingniiice 


0^ 


0.25 


0.25 


0.25 


Retinyl Pafamtate 


6xx> 


0.64 


OJOO 


0.76 


Retinyl Acetate 


0397 


OjOO 


0.45 


OjOO 


50%NaOH.qji.H = 4.7 










Kniulsiott Type 


ohr 


ofw 


w/o 


wA) 



*Ooa u|wnUiv e 



la die above Table 4, Mixtme A consisted of 1.50 g 
myristyl mydstate; 1^ g oleic add (Emersol 228); 1.25 g 
glyceryl stearate (Emerest 2400); 125 g stearic add 
(Emersol 132); 1.00 g isopiopyl palmitate; 1.00 stearoxyt- 

30 rimethylsilane (Dow Coming 580 Wax); 0^0 synthetic 
beeswax; 0.50 g stearyl alcohol; and 0^0 g cetyl alcohol 
Mixture A wias prq>aied by mixing the indicated ingredients 
in a glass container stirring wi& heat until all ingredients 
were liquified and unifonnly mixed; pouring the liquified 

35 mixture into shallow containers; and allowing the mixture to 
cool to amisient temperature. 

These four emulsions, after bdng packed off into dosed 
two-ounce aluminum tubes, were stored for various time 
periods at various temperatures. The emulsions were ana- 

40 lyzed by the previously mentioned HFLC analytical 
procedure, to determine the amount of retinyl ester present 
after the various storage periods. The results of the tests were 
as follows: 



45 



50 



55 









TEST RESULTS 


TU)le4 


FrmiU 










sion 


wt% 


Wl% 


Wt % 9b of Origixal Amount of 




1^ 


BHT 


EDIA 


AA Retn^l Ester RanaiQiQg 


1 


oAw 


OJOl 


0.10 


0.10 1% after 6 diys at 50" C. 


2 


ofw 


OJOl 


0.10 


0.10 27%aftcr6day8at50»C 


. 3 


v/o 


0J05 


0.10 


0.10 91% after 13 wks at 2^ C 










58% after 13 wks at 40*0 










16% after 13 wks at 50" C. 


4 


w/o 


0J05 


0.10 


0.10 100% afifflB ^ at 21* C. 










96% after 13 wks at 40*0. 










85% after 13 via at 50° C. 










97J%after26wksat21*'C 










90% after 26 wksat4a»C 










94% after 52 wks at 21* C 



60 



As can be seen from the above test results, the oil-in-watcr 
emulsion comprising retinyl acetate, BETT, ascorbic add and 
EOTA (Table 4, conq)arative Sample 1) retained only one 
petc^ ( 1 %) of its original amount of retinyl acetate after 6 
65 days aging at 50** C Thus it is seen that the chemical 
stability of retinyl acetate in the oil-in-water emulsion is 
very poor: On the other hand, the chemical stability of retinyl 



# # 
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acetate was found to be very good in a water-in-oil emulsion I 
oon^xrising retinyl acetate, BOT, ascostTic acid and EDTA 
(Table 4, Sample 3). The test results show that when retinyl 
acetate is fonnnlated in the mentioned water-in-oil 
emulsioOf ninety-one percent (91%) of die odginal amount s 
of rdinyl acetate is retained after 13 weeks storage at room 
ten^eratcre (21'' C), fifty-eight percent (58%) of the origi- \ 
nal amount of retinyl achate is retained after 13 weeks 
storage at 40** C and sixteen percent (16%) of the origmal 
amount of retinyl acetate is retained after 13 weeks storage lo 
at5(y*C 

Jt can also be seen from the test results that an oil-in-water 
emulsion conqnising retinyl palimtate, BHT, ascorbic add 
and EDTA (Table 2, conqmrative San^le 2) retained just 
twenty-seven percent (27%) ofits original amount of r^yl 
palmitate after 6 days aging at 50° C Thus, it is sem that the 
chemical stability of retinyl palmitate in an oil-in-water 
emulsion is not satisfactory, jk contrast, the chemical sta- 
bility of retinyl palmitate was found to be excellent in a 
water-in-cil emulsion comprising retinyl palmitate, BHT, ^ 
ascorbic acidandEDTA(Table 4, Sample 4 ). As can be seen 
from the test res ults, when retinyl palmitate was formulated 
in the mentioned water-in-dl emulsion, 100%, 96% and 
85% (tf the original amount of retinyl pahnitate was retained 
ate 13 weeks aging at room tenqierature (21** C), 40** C, 23 
an 50** C, respectively. 973% and 90% of die original 
amount of retinyl palm^ate was found to be retained after 26 
weeks aging at nxan tenqKxature (21** C), and 40** C, 
respectively. 94% of the original amount of retinyl pahnitate 
was found to be retained after 52 weeks aging at room ^ 
tenq)erature (21** C). 



EXAMPLEV 

Awater-in-oilacamcoi!^K)sition was prepared according 35 
to the following procedure. In a suitable sized glass beaker 
hdd under argon gas blanketing and fitted with a stainless 
steel stirra 250 g mineral oil, 2 g propylparaben, 60 g I 
Elfacos C-26, 50 g Elfacos E200, 30 g Elfacos ST-9, 10 g 1 
stcaroxytrim^lsilane, 10 g dimrthiconc (50 cstk), and 0^ j 
g butylated hydroxytoiuene (BITT) were heated to 80* C. ' 
and mixed. In a separate glass container, also held under 
argon gas blanketing and fitted with a stainless steel stiiTcr, 
^approximately 520 g deionized water, 50 g sorbitol solution 
70%, 3 g methylparaben, 1 g disodium edetate and 1 g 
ascortnc add were mixed, adjusted to pH 4.7 widi dilute 
sodium hydroxide, heated to 80** C and then added to the 
first mixture with agitation and under argon blanketing to 
form a water-in-oil enuilsion. The emulsion was homog- 
enized and cooled to about 50** C. widi mixing and main- ^ 
taining the argon gas blanketing. 1 g Dowicil 200 preser- 
vative and 2.5 g fragrance followed by 3.45 g of retinol were 
added. Ddonized water was added to return the batch weight 
to 1000 g and the batch was mixed under argon gas 
blanketing until uniform and die temperature was below 40** 
C The finished batch was filled into blind-end aluminum 
tubes under argon gas blanketing and had the following 
formulation: . 



Iilgiedieot % w/w ) 



milienloU 23.000 
ty druiyo c m cosanyl bydtoxysiearate 6.000 
(E1&COSC26) 

soibitol fiohitkin, 70% 3.000 

metfaozy PEO-22Modecyt glyool 3.000 ^ 

copolymer (Elboos £200) 



« » 



16 

-conti&iied 



% w/w 



ra045/<tadecyJ glycol ^-^^ 
5 copolymer (EI&C0SST9) 
stcaxaKytrnnetfiylffllaM 

dimcflijcoDe(50cstk) 1-?^ 
Vitamin A olcohDl (ictmol)* 

mc&ylparabtn 03Q0 

Q^^TS (DowicU 200) 0.100 

disodhmedetatfi X'™ 

sacorbicacid O-^O^ 
botylatedbydioxytDhicno 

dek>i^wat» q^tolOOJOO 

•ftO-trans (USP) _ _ 



IS 



TTic rcsBlting water-in-oil cmnlsion was found to retain 
100% of its original amwint of rctinol after 4 weeks aging 
20 at room temperature (21* C). 97.8% of the original 

of r^d was retained after 4 weeks aging at 40 C and 
966% of die original amount was retained after 4 weeks 
agin at 50* C After 13 weeks aging, the emulsion retained 
the following percentages of its criginal amount of retinol: 
25 99.1%atroomtemperature;96.2%at40*C.;and94%at50* 
C After 26 weeks aging, the cmnlsion retained the following 
percentages of its original amount of retinol: 97% at room 
traiperature and 92% at 40* C This is excellent dicmical 
stability of the retinoL 

EXAMPLE VI 

A watcr-in-oil cream composition was prepared in accor- 
dance with the laoccdurc of ExanqAcV with the amount of 
retinol being increased to 1.25% w/w and consists of die 
following ingredients: 



30 



35 



45 



bigredicQt * 

4Q nmeriloil ^"nSn 

hydioxyoctacosaayll^dror^^ 51)00 

^l&cosC26) 
aoibitol«olntion.70% 

mednty EEG-22/do(kcyl jjycol S-OW 
copolymer (ElfecosE200) 

PEG-4Vckxtocyl glycol ^^'^ 
copolymer (Elfacos ffT?) 
stearoiytrimcthylsilaae ]^ 
diinethicoM(50cstk) }^ 
Vtteimn A alcohol (letmol)* 

50 p^mben 0^ 

Qatomum 15 (DowieU 200) O-J" 
disodxum edetate 
ascorbic acid 
btitytated hydroxytohicne 



0.100 
0.100 
0.100 



55 



50%a(pieoasNAOH "^^^f^t^ 
ddomzed water qj». to lOOIXX) 



•aU-traas (USP) — 

The resulting watcr-in-oil cmnlsion retained 93% of its 
original amount of retinol after aging for 13 weeks at room 
^ temperature {2V C). 

EXAMFUB Vn 

A watcr-in-oil cream composition was prepared in accor- 
65 dance with the procedure of Example V with 0.5 g propyl 
gallate replacing die butylaled hydroxytoluene and omitting 
ascorbic add The con^wsition consisted of the following 



ingredients: 



ingredient % w/w 


xnxDend oil 


25^ 


hydiuiyuctucosanyl hydioxyslearatB 


5J0OO 


(E1CBC08C26) 




soibitDl sohztioiv 70% 


5.000 


metboxy FBO-22Modec^ glycol 


5.000 


copolymer (E1&C08 £200) 




FE04S/dDdBcyl gl^ 


3iXX) 


copolymer (Bl&cos ST5) 




steafoaytriiDettiybilaDe 


IJOOO 




IJOOO 


>^tamin A alcobol (letiDoI) 


0.345 


metfaylpanbeD 


OJOO 


fiagrance 


OJSO 


prapy^araben 


0L20O 


QnatffTnhim IS (Dowici] 200) 


aioo 


dtsodhnn <yKtaift 


aioo 


propyl gallatB 


aoso 


batylatsd ItydxaxytohicDe 


aooo 


ascdblc acid 


OJOOO 


50% aqueous NAOH 


q& to ph 4.7 


distilled water 


q^tolOOjOOO 



10 



15 



I 

20* 



The resulting water-in-oil emulsion coiqx)sition was an 
aflp-whitc,water-in-ailcreaniwhidi was found to retain 91% 25 
of its original retinol concentration after 2 weeks aging at 
room tcn5)craturc (21** C), 84.8% after 2 weeks aging at 40° 
C and 86.8% after 2 weeks aging at 50** C The emulsion 
was found to retain 79% of its original amount of retinol 
after 8 weeks aging atroom temperature (21*'C). 58% after 30 
8 weeks aging at 40** C, and 65% after 8 weeks aging at 50** 
C The emulsion was found to retain 77% of its original 
amount of retinol after 13 weeks aging at room temperature, 
78% after 13 weeks aging at 40** C. and 59% after 13 weeks 
aging at 50* C 35 

EXAMPLE Vm 



A water-in-oil acam composition was prepared in accor- 
dance with the procedure of Exanyle V with 0.5 g nordi- 
hydroguiar^c add replacing the butylatcd hydroxytoluene ^ 
and omitting the ascorbic add The con^)osition consisted of 
the following ingredients: 



^Qgredient 


% wfw 


minexBloil 


25.000 


faydxDxyoctaoosanyl faydioxysteaiate 


5.000 


(E1£kosC26) 




sozbitol sohitioii, 70% 


5.000 


metboxy F^22/dodecyl glycol 


5.000 


copolymer (El&cos E200) 




PBO-45/do(fecyl glycol 


3.000 


copolymer (El&cos ST9) 




stearoKytrioietfaylsilaiie 


1.000 


dioaethicooe (50 cstk) 


1.000 


Vitamin A akcbol (retinol)* 


0345 


metfay^araben 


0300 


fragrance 


0.250 


piopy^nrabea 


0.200 


Quatemhnn 15 (Dowicil 200) 


0.100 


rfinnrintrn edetatB 


0.MX) 


noidiliydrQguxaretic acid 


0.050 


butylated faydio]^ toluene 


0.000 


ascorbic acid 


0.000 


50% aqufious NaOH 


q3. to pH 4.7 


deionized water 


q.a. to 100XX30 



45 



50 



55 



60 



•att-trans (USP) 



The resulting water-in-oil emulsion composition was 
found to retain 96.8% of its original amount of retinol after 




10 



15 



18 

2 weeks aging at room temperature (21^ C), 87.6% after 2 
weeks aging at 40^ C. and 912% after 2 weeks aging at 50** 
C The conq>osition was found to retain 91.2% of its onginal 
anuHint of retlnol after 8 weeks aging at room temperature, 
72.6% after 8 weeks aging at 40** C. and 50.8% after 8 weeks 
aging at 50° C The con^sition was found to retain 91.6% 
of its (Higinal amount of retinol after 13 weeks aging at room 
temperature. 69.0% after 13 weeks aging at 40*^ C, and 
593% after 13 weeks aging at 50* C 

EXAMFUBIX 

A water-in-oil cream composition was prepared in accat- 
dance witii tttt procedure of Exanqde V widi 0.5 g mono- 
thioglycerol replacing the ascorbic add and omitting the 
butylated hydroxytoluene. The conq>osition consisted of the 
following ingredients: 



20 



25 



30 



35 



40 





nuDcnil oil 


25000 


liydwxyoctooosapyl liydrmystearate 


5j000 


(m&cos C2fi) 


SjOOO 


soibitol solution, 70% 


netboxy FEO-22/dodecyl glycol 


5j000 


copolymer (Elfocos B200) 




FE04S/(bdecyl glycol 


3j000 


copolymer (E1£ko8 S19) 


IjOOO 




/1mw.thWyiiM (SO cfltlc) 


IjOOO 


Vitsmin A alcohol (letmol)* 


0345 


luefliylparaben 


0300 




0.250 


yiopylpartben 


0200 


Quatexnium 15 (Dowidl 200) 


aioo 


<tifftHh|^p ftftetatft 


0.100 


moDDthioglyoerol 


OjOSO 


butyrated hydtoQcytolueDe 


OjOOO 


aaoQcbic acid 


OjOOO 


50% aqueous NaOH 


q^. to pH 4.7 


deiomzed water 


qjs, to lOOiXX) 



*all-ti«QS (USF) 



The resulting water-in-oil emulsion conqrasition was 
found to retain 92.8% of its original amount of retinol after 
4 weeks aging at room temperature (21** C), 9Z8% after 4 
weeks aging at 40** C, and 90.4% after 4 weeks aging at 50** 
C. The conq)osition was found to retain 90.8% of its original 
^5 level of retinol after 8 weeks aging at room temperature, 
82.4% after 8 weeks aging at 40** and 653% after 8 
weeks aging at 50** C. The composition was found to retain 
80% of its original level of retinol after 13 weeks aging at 
room tenq)aature, 623% after \3 weeks aging at 40** C, and 
50 65.7% after 13 weeks aging at 50** C. 



EXAMPLEX 

A water-in-oil cream conq)6sition was prepared in accor- 
55 dance with the procedure of Example V with 1.0 g sodium 
metabisulhtc replacing the ascorbic add and consisted of the 
following ingrolients: 



60 



65 



% w/w 



mmcxai oil 

liydrcKyoctacosanyl l]^droxysEearate 
(Q&0OSC26) 
sorbitol sohitioD, 70% 
iDBtfaazy PEO-22/dodecyl glycol 
cqpolymer (Elfocos E200) 
Ffi045/dodBcyl glycol 



25j000 
5O00 

5.000 
5.000 

3iXX) 



0 



-continued 



% wAv 



copolymer (KlfiKOT ST9) 

tf tr9 rni 1 y ^ n p** tiiyifti^**^ 14Jiaj 

diTTrfhimnn (50cs0c) l-OOO 

VitmunAakMbolCretixDl)* 1-250 

med^^nrabea 0300 

filgmice 0.230 

pRjpylpaiabcn 0-2«> 

QoiUBoaxum 15 (Dowicil 200) 0.100 

^yvltnm ecfetltS O.lOO 

AxSmnsnetibisalfitB 0.100 
buQ^btod hydiujQirtofaiBiiB 



10 



aacotbic acid OiXX) 
509baqt»oa8NaOH q.s.tDpH4.7 



0.100 
0XX3O 
topH 

q.s. to lOOiXX) 13 



«aU-traDS (USP) 

After 13 weeks aging, tiie con^sition was found to retain 
96% of its odgLnal level of retinoL 

EXAMPLE XI 

A watex-in-oil cream conq)osition was prepared in accor- 
dance with the procedure of Exan^e V witfi 0.5 g sodium 
fcnnaldehyde sulfoxylate replacing the ascorbic add and 
(Hnitting the butylated hydroocytolnene. The conqwsition 
consisted of the following ingredients: 



20 



% w/w 



nuDcral oil 

hjrdioxyoctioosaziyl bytliuxyatcarate 
(E1£kosC26) 
aoibitol solutkm, 70% 
metfaoxy PBO-22/dodecyl glycol 
copolymer (ElfiKos E200) 
{CO-45/(kxfecyl glycol 
copolymer (EI&cos Sr9) 

g|pg|\jmytH|]M!j||ylin?iTT^ 

diactfaicoDe (SO cstk) 
A^tamin A alocfaol (letmol)* 
mfitfaylparaben 
fragisDce 
propylparaben 

Quatemxum 13 (DowicU 200) 

/J^ yw^^T^TT^ odctatB 

scxfinm fbtmakiehyde sulfoxyUte 

bu^lAtcd bydxozytohniie 

asDOibic acid 

50% aqueous NaOH 

dekmized water 



25.000 
5.000 

5.000 
5.000 

3.000 

1.000 

1.000 

0375 

0300 

0.250 

0.200 

0.100 

0.100 

0.050 

0.000 

0.000 
q J. to pH 4,7 
qs. to IOOjOOO 



30 



35 



40 



45 



•aU^trans (USP) ^ 

The resulting watcr-in-oil emulsion composition was so 
found to retain 92.4% of its original amount of retinol after 
4 weeks aging at room temperature (21** C), 98% after 4 
weeks aging at 40* C, and 92% after 4 weeks aging at 50** 
C The composition was found to retain S4.4% of its original 
level of r^ol after 8 weeks aging at room temperature, 35 
84.4% after 8 weeks aging at 40** C. and 75.7% after 8 weeks 
aging at 50** C. The composition was found to retain 80% of 
its original level of retinol after 13 weeks aging at room 
tcnqwrature, 72.5% after 13 weeks aging at '40** C and 
72.1% after 13 weeks aging at 50** C 60 

EXAMPLEXn 

A water-in-oil aeam composition was prq)ared in accor- 
dance with the procedure of Exanq)ic V with 0.5 g 1,4 
diazohicyclo-(22,2)-octane replacing the ascorbic add and 65 
omitting the butylated hydroxytoluene. The composition 
consisted of &e following ingredients: 



20 



10 



IS 



20 





% w/w 


nunerai ou 




iiyurOXyOCiWCwauy 1 lyuivwLjfBiCMLUHC 


5j000 


(blXBCOS U 


SjOOO 


1 II ill Tti i1 cwkrfwM 

sonmol somnon 


TTHaRtixy rxAj-zz/aoaccyi giycoi 


5j000 


cupulyiiier (Elfacos E200) 




nrrn nTfitiilainil aIw^I 


3j000 


oopolyiDer (Hfiiccw SI9) 


iaaaj 


stcMTtBiytrniictfayLfllaDc 


QUXjBuUOODC ^ju csik^ 


lJUUU 


ynsnuzi A McoiBJi i^cnaoijr 


0375 


nietfaylp3rabeii 


0300 


frsgtsnoo 


0250 


propy^anbcii 


0^ 


Qoatemhan IS (Dcwidl 200) 


aioo 


ifisodxiss cdctste 


0.100 


l,4-diaiobicyckK2,2,2>octaiiB 


0j050 


butj^ated hyAcjqrtohieoft 


OjOOO 


sscovbio Add 


OjOOO 


50% aqueous NaOH 


q3. to pH 4.7 




qs. to lOOJOOO 



\ 



•att-tTBDS (USP) 



The resulting water-io^il emuMon coiiq)ositioD was an 
25 off-white cieam and was found to T^ain 91.8% of its anginal 
amoant of rednd after 13 weeks aging at room tenq)erataie 
(21** C). 

The following Eumples illustrate stOl further embodi- 
ments of the present invention. 



30 



35 



EXAMPLEXm 

A water-in-oil cream composition was prepared in accor- 
dance with the procedure of Bxanqde V and consisted of tfie 
following ingredients: 



40 



45 



SO 



55 



fngtcdiaat. % w/w 


ouocral oil 


25J00O 


hydroxyoctaoosaiiyl hydroxy stearate 


5SX0 


(Elfoco8C26) 




soxbitoi sohitxKi, 70% 


5SXD 


iDctfaaxy F£0-22/dodecyl glyc»l 


5J000 


oopolyinex (El&cos £200) 




IS045/dodecyi glycol 


SjOOO 


copolymer (Hfeoos SI9) 






IJXO 


(fiiKthicoDe (SO cstk) 


IjOOO 


Vitamin A akofaol (letmol)* 


0.125 


metfaylparaben 


0300 


fragxancc 


0.250 


propylpataben 


0.200 


QoatBtnium 15 (Dowidl 200) 


0.100 


^^^^^^li^^i^^ cdctato 


0.100 


jBinHjiiiH bisulfite 


0.100 


butylatcd hydroxy tolueoe 


0.100 


50% aqueous NaOH 
deioxuzcd water 


qA to pH 4.7 


q.8. to IOOjOOO 



\ \ 



•aU-trans (USP) 

The resulting watcr-in-cil emulsion was an off white 
cream. 

«> EXAMPLEXIV 

A water-in-oil cream conqwsition was prepared in accor- 
dance with the procedure of Example V with the addition of 
20 g silicon dioxide to the phase containing the mineral oil 
65 and consisted of the following ingredients: 



Tngicdaenl 



omiBittl oil 

liydrmyiX'lucfMtanyl b(ydn3zysteazvte 
(EI&OOSC26) 
sQibitDl sohiticRii 70% 
methoiy PBO-22/dodccyl glycol 
copolymer (Blbcos £200) 
I«O-45/d0(fecyl glyooi 
copolymer (El&cos ST9) 
flaUcon dxsddo 
stcsioDcytniDediylsQsDiB 
<finiediioaoe (50 cilk) 
Vitainfli A alcnhni (letiool)* 



25.000 
6.000 



1000 
1.000 
LOOO 
0.345 
0300 
0.250 
0.200 
0.100 
0.100 
0.100 
OJOSO 



5.000 
5.000 



3.000 



10 



5 




15 



Quai a uiuu i 15 (Dowicil 200) 

aaoozfoic acid 
botylstod faydrozytDloeiiB 
50% aqneoos NaOH 
drirmTTfri water 



qA to pH 4.7 
q.t. to lOOJOOO 



20 



•aH-traos (USP) 

The resultiag water-in-oil emulsion ooinposition was an 
off-white cxeanL 



A retinol acam conqmsidon was prepared according to 
the following procedure. In a suitable sized glass beaker 
hifltifefftffri widi argon gas and fitted with a stainless steel 
stiner 10 g FVP/Eicosene Copolymer, 5 g Fhenoxyethanol, 
2.45 g PolysQEcbate 20, 134 g Dime^cone, 10 g Ariacei 
481, 25 g FEG-7 Hydrogenated Castor Oil, 15 g C12-15 
Alcohols Benzoate, 85 g Ceteaiyl Octanoate, 20 g Silicon 
Dioxide, and 025 g BHT were heated to 80"* C and mixed. 
In a sqxarate glass container, also blanketed with argon gas 
and fitted with a stainless steel stirrer, approximately 325 g 
Purified Water USE, 0.5 g Ascorbic Add, 0.5 g Disodium 
EDTA and 1.5 g Xanthan Gum were mixed, adjusted to pU 
4.7 with dilute sodium hydroxide Q.S., heated to SO"* C. and 
added to the first mixture with agitation to fcmn a water-in- 
oil emulsion. The emulsion was homogenized to furttier 
refine the pattide size and was cooled to about 50^* C with 
ordinary mixing. 0.25 g Fragrance and 0.9285 g Retinol 
were added and Purified Water was added to return Ihc batch 
wdght to 500 g. The batch was mixed until unifonn and the 
tenq)erature was about 40° C The finished batch was filled 
into blind-end aluminum tubes under aigon blanketing. The 
composition was a smooth, off-white cream and has the 
following fonnulation: 



Iqgrediect % vfw 



Pmified Water, q.s. 100.00 
C12-15 Akofaols BenxoatB 

(Hnsolv TN) 3.00 
FGO-7 Hycfapgeoated Castor Oil 

(Axlaoel989) 5.00 

Silicon Dioxide (Cab-O-Sil M5) 4.00 

Ceteaiyl Octanoate (Qodamol CAP) F7.00 

Arbcel481 2.00 

FVP/KcoseoB Copolymer (Oauex V 220) 2.00 

Fbenozyetbacol (Emeresseoce 1160) 1.00 

Po|ysort»tB 20 (IWeen 21) 0.49 

DimetfaicoDe 50 cstk 0J08 

Xanthan Oum CKeltiol) 0.30 

Retinol (aD-transX USP ai8S7 

Asooibic Acid 0.10 

EDlANai 0.10 
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EXAMPLE XV 



